ABSTRACT: Patients with idiopathic interstitial pneumonias (IIPs) can be subdivided into groups based on the histological appearance of lung tissue obtained by surgical biopsy. The quantitative impact of histological diagnosis, baseline factors and response to therapy on survival has not been evaluated.
A recent consensus statement has proposed that idiopathic interstitial pneumonias (IIPs) be divided into histopathological subsets that differ in prognosis and response to therapy [1] . These subsets include usual interstitial pneumonia (UIP), nonspecific interstitial pneumonia (NSIP), respiratory bronchiolitis interstitial lung disease (RBILD), desquamative interstitial pneumonia (DIP), and others [2, 3] . This approach, by definition, requires surgical lung biopsy (SLB).
The clinical features of IIP are nonspecific. Reliable noninvasive markers of the above pathological subsets or of clinical outcome are lacking. In the present study, a large group of patients with IIP were prospectively evaluated and categorized into histopathological subsets using the latest histopathological criteria. The purpose of the study was to: 1) quantify the role of histopathological classification in predicting survival while adjusting for baseline demographic, physiological and radiographic factors; 2) evaluate the utility of semiquantitative high-resolution computed tomography (HRCT) in predicting survival; and 3) evaluate the response to high-dose prednisone for a subset of patients with NSIP and UIP treated prospectively using a standardized protocol and the influence of response on survival.
Methods

Patient selection
SLB specimens from patients suspected of having IIP referred by participants in the University of Michigan Fibrotic Lung Disease Network between October 1989 and February 2000 were reviewed by three pathologists. In all patients, the suspicion of IIP was based on symptoms and physiological and radiological findings. None had been previously treated for interstitial lung disease. A subgroup (n=39) of these patients categorized as having IPF using previously available criteria [4] had been reported [5, 6] . Using the latest histopathological criteria (see below), 14 of these patients were classified as having a histological pattern other than that of UIP.
Baseline characterization
A baseline assessment of severity of dyspnoea was made using the level of dyspnea (LOD) scale [7] , the baseline dyspnea index (BDI) [8] and the oxygen consumption diagram [9] .
Physiological testing. Physiological assessment was performed before SLB and initiation of therapy. Pulmonary function tests including spirometry and measurement of lung volumes and diffusion capacity of the lung for carbon monoxide were performed on the same day and before a cardiopulmonary exercise test [6] .
Clinical, radiological and physiological scoring. Overall clinical severity was assessed using a previously developed clinical, radiological and physiological (CRP) composite score [7] . The total CRP score ranges 0-100 points (100 being the most severe disease) based on variables including the LOD scale, chest radiography, pulmonary function test results, and resting and exercise oxygenation levels (exercise component). A physiological component (PHYSIO) was constructed by incorporating the scores from pulmonary function and resting oxygenation level.
High-resolution computed tomography. HRCT examinations were performed using 1.0-or 1.5-mm-thick sections taken at 1-cm intervals throughout the entire lungs during inspiration in the supine position and through the caudal 10 cm of the lungs at 2-3-cm increments in the prone position. Two thoracic radiologists prospectively and independently scored all lobes on HRCT for ground-glass opacity (CTalv) and interstitial opacity (CTfib) on a scale of 0-5; the mean score for each lobe and for the entire lung was calculated [10] .
Pathological review of specimens. SLB specimens were reviewed by three pathologists blinded to their clinical features from March 1999 to February 2000. Each specimen was assigned a histological diagnosis using defined criteria [2, 11] . Patients with NSIP were further classified as having predominantly cellular or fibrosing patterns [2, 11] . UIP was defined by a patchy dense interstitial fibrosis, often with a subpleural and paraseptal distribution associated with loss of lung architecture, frequent honeycomb change and fibroblastic foci [2] . Interstitial inflammation was usually minimal. Fibrotic NSIP was defined by a dense or loose interstitial fibrosis lacking the temporal heterogeneity of UIP and usually showing diffuse uniform involvement of the lung tissue (spatial uniformity). Fibroblastic foci were inconspicuous or absent and inflammation was mild to moderate. Cellular NSIP was characterized by mild-to-moderate chronic interstitial inflammation without interstitial fibrosis. Type II pneumocyte hyperplasia was often present in areas of inflammation. Foci of organizing pneumonia could be seen in both NSIP groups but these were focal and not the predominant feature. Cellular NSIP corresponded to group 1 of KATZENSTEIN and FIORELLI [12] , whereas fibrotic NSIP corresponded to groups 2 and 3. Acknowledging that the definition of NSIP was still evolving at the beginning of the study, all specimens classified as NSIP were rereviewed at the end of the study period for consistency and to confirm the accuracy of the initial diagnosis.
Therapy
A subgroup of patients with NSIP (n=10) and UIP (n=29) were treated using a protocol evaluating the effect of high-dose prednisone treatment in patients with pulmonary fibrosis. These patients received an initial course of high-dose prednisone (1 mg?kg ideal body weight -1 ?day -1 up to 100 mg?day -1 or 1 mg?kg ideal body weight -1 ?day -1 up to 60 mg for the first month followed by 40 mg?day -1 for the subsequent 2 months). Change in CRP score at 3 months was used to assess therapeutic response; responders demonstrated a w10-point drop in CRP score, stable an absolute change of v10 points and nonresponders a w10-point rise. Prednisone therapy was continued (in a tapering dose) in patients responding to initial therapy. In others, the prednisone was rapidly tapered and discontinued within 4 weeks and a 6-month course of oral cyclophosphamide (n=14) or azathioprine (n=11) prescribed. Five patients died prior to institution of subsequent therapy. The treatment regimens for patients with UIP, NSIP and RBILD/ DIP are listed in table 1, including a subset treated in a phase I trial comparing zileuton to azathioprine conducted at the University of Michigan, Ann Arbor, MI, USA.
Statistical analysis
Categorical data were compared between groups using the Fisher exact test, whereas continuous data were compared using analysis of variance (ANOVA). When ANOVA results indicated that groups differed, post hoc comparisons were performed using unpaired two-tailed t-tests or a Wilcoxon rank-sum test for nonparametric data. All t-tests assumed unequal variances and a p-value of v0.05 was considered significant. Where appropriate, data are expressed as meanzSD. The Fisher exact test was used when comparing the distribution of responder/stable/nonresponder status across UIP and NSIP groups. Survival was illustrated via Kaplan-Meier curves. Cox regression analysis was used to examine the relationship between histopathological subclassification and mortality, controlling for other potential confounders including patient age, duration of symptoms prior to biopsy, sex, smoking status, physiological parameters, including the CRP score and its components, and HRCT scores. As there were no deaths in the cellular NSIP group, all patients with NSIP were grouped for survival analyses.
Results
The histological diagnoses in the 168 patients reviewed were UIP (n=106), fibrotic NSIP (n=28), cellular NSIP (n=5), RBILD/DIP (n=22), hypersensitivity pneumonia (n=5) and bronchiolitis obliterans with organizing pneumonia (n=1) plus one which remained unclassified. The baseline characteristics of the largest histological groups are shown in table 2. A baseline CRP score was available for 103 of these patients (table 3) .
The mean follow-up periods for each group were as follows: UIP 1.94 yrs (range 0.1-6.98), fibrotic NSIP 2.82 yrs (range 0.30-8.16), cellular NSIP 4.77 yrs (range 0.42-6.72) and RBILD/DIP 3.58 yrs (range 0.8-7.59). There were 54 (51%) deaths among UIP patients, three (10%) among fibrotic NSIP patients, none among cellular NSIP patients and one among those with RBILD/DIP. Survival curves comparing UIP, NSIP and RBILD/DIP cases are shown in figure 1 . The most important predictor of survival was the absence of UIP. Using univariate (7) 1 (3) 3 (14) *: 39 of the patients with UIP and NSIP received prednisone as part of a prospective study of high-dose steroids in idiopathic pulmonary fibrosis (see Therapy section for details). [7] ; BDI: Baseline dyspnea index [8] ; OCD: oxygen consumption diagram [9] ; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; NA: not available.
analysis, the risk ratio (RR) of histological classification as UIP for mortality was 11.46 (95% confidence interval (CI) 4.13-31.83; pv0.0001). In a multivariate analysis adjusting for age, sex, smoking status, PHYSIO score, duration of symptoms and a CTfib score of o2 in at least one lobe, the RR for mortality in the presence of UIP was 28.46 (95% CI 5.47-147.98; p=0.0001). Importantly, female sex and a positive smoking history were protective. The RRs for these predictors are shown in table 4. The results were similar when the analysis was confined to the UIP and NSIP cases.
UIP is a pathological diagnosis for which SLB is normally required. Whether or not a semiquantitative HRCT scoring system, previously shown to be predictive of mortality [6] , could predict pathology was evaluated. The ability of a mean CTfib score of o2 in any lobe (representing the presence of honeycomb change [10] ) or mean CTfib score of o2 for all lobes [6] to identify UIP was determined (table 5) . This score was highly predictive for the presence of UIP. Importantly, a fibrotic score of v2 did not exclude UIP. The results were similar when the analysis was confined to UIP and NSIP cases.
The CTfib score was predictive of subsequent No consistent survival effect was noted for any therapeutic regimen, although detailed analysis was precluded by differences in treatment protocols and the lack of a predefined response to therapy. Patients (39), characterized as UIP or NSIP using the latest histopathological criteria, were treated prospectively with high-dose prednisone using CRP score to define their response ( fig. 3) . Patients with NSIP (n=10) included more responders (40 versus 17%) and fewer nonresponders (10 versus 52%) compared to patients with UIP (p=0.05, Fisher exact test). Patients (n=39) who remained stable after an initial 3-month course of therapy exhibited improved survival (RR compared to nonresponders 0.32; 95% CI 0.11-0.93; p=0.04). This effect persisted after accounting for histology, age, sex and smoking history. This survival advantage was seen when patients with UIP were analysed separately (RR for stability compared to nonresponders 0.33; 95% CI 0.12-0.96; p=0.04) (fig. 4) . No difference was seen in baseline clinical, physiological or radiographic features between UIP patients segregated by their subsequent response to prednisone therapy. Only one patient died in the subset of NSIP patients treated with high-dose prednisone, precluding further analysis of this group. The baseline characteristics between UIP patients treated as part of the prospective prednisone trial were similar to those not treated in this protocol with the exception of having a lower CRP score (47¡16 versus 56¡18; p=0.05), lower CTalv score (1.58¡0.81 versus 2.01¡0.89; p=0.03), higher CTfib score (2.12¡0.61 versus 1.76¡0.74; p=0.02) and higher BDI (6.7¡2.7 versus 5.0¡2.2; p=0.01).
Discussion
In the present report of a large number of patients with IIP, the following are quantified: 1) the paramount importance of a histological diagnosis of UIP in predicting mortality; 2) the sensitivity and specificity of HRCT scoring for diagnosing UIP; and 3) the response to treatment with high-dose prednisone for patients treated prospectively using a standardized protocol. A pathological diagnosis of NSIP was made in y20% of patients referred to a tertiary referral centre with IIP and RBILD/DIP was seen in y13%. These percentages are similar to those reported by others [11, [13] [14] [15] . These data aid in defining the patient population most likely to require SLB for definitive diagnosis and which patients are most likely to benefit from prednisone therapy.
The present data document that a histological diagnosis of UIP is associated with a nearly 30-fold greater risk of mortality than an alternative histological diagnosis in patients evaluated for suspected IIP. Furthermore, the RR of mortality for a histological diagnosis of UIP was more than 10 times higher than that associated with the presence of honeycomb change on HRCT. The design of this study strengthens these findings. All standard clinical indices (age, sex, smoking history and duration of symptoms before SLB), physiological studies and HRCT scores were prospectively acquired. All pathological specimens were reviewed by three pathologists using the latest criteria to define histopathological subsets [2, 3, 11] .
Obtaining a histological diagnosis of UIP requires SLB, which is not feasible in all patients, and is infrequently performed in clinical practice [2, 16] . The presence of honeycombing on HRCT (indicated by a CTfib score of o2) is a powerful predictor of survival when the histological diagnosis is unknown. The different RRs of lobar versus whole lung CTfib score probably reflect the presence of disease heterogeneity. Although the magnitude of risk of a radiographic diagnosis is less than that of a histological diagnosis of UIP, it can be useful for patients that are unable to undergo SLB. It also suggests that the presence of honeycombing may be a surrogate marker for UIP.
UIP patients demonstrated greater fibrotic abnormality on HRCT than NSIP and RBILD/DIP patients. A wide variety of radiographic patterns have been described in NSIP [17] [18] [19] [20] [21] . In the current series, a CTfib score of o2 in at least one lobe had a high positive predictive value for the presence of UIP on SLB. The excellent positive predictive value suggests that these patients do not need to undergo SLB for clarification of diagnosis. Semiquantitative HRCT scores are independent of a radiologist9s interpretation of the pattern seen on HRCT and exhibit good interobserver agreement among expert radiologists [10] .
The negative predictive value of a CTfib score of o2 was limited. This reflects the absence of honeycombing on HRCT in many patients with UIP. Interestingly, the negative predictive value was similar to Response to therapy was assessed by change in clinical, radiological and physiological (CRP) score after 3 months of therapy. Responders were defined as having a w10-point drop in CRP score, stable a ¡10 change in CRP score and nonresponders a w10-point rise in CRP score [6, 7] . A difference in the distribution of response was seen between UIP and NSIP patients (p=0.05, Fisher exact test).
Cumulative survival that previously reported for a nonquantitative expert HRCT interpretation [22] . Since a semiquantitative CTfib score of v2 is not reliably predictive of the absence of UIP, the present data argue strongly for the performance of SLB in the diagnostic evaluation of these patients. Importantly, this represented 43% of UIP patients in this study.
Female sex and a positive smoking history were associated with improved survival, even in the presence of UIP. The magnitude of the protective effect of female sex was similar to that previously reported [23] and much smaller than the increased mortality associated with a UIP diagnosis. Importantly, improved survival was not noted in younger patients, which may reflect the younger age of patients with non-UIP histological diagnoses.
The present data are the first to quantify a protective effect associated with smoking. The cause of this protective effect is unclear, but could be an inhibitory effect of cigarette smoke on fibroblast function [24] . Interestingly, no difference in smoking history was noted between patients with UIP, NSIP and RBILD/DIP. Although early reports suggested that RBILD/DIP was seen exclusively in smokers [25] , recent reports have suggested that a significant minority of cases may be seen in nonsmokers [15, 26] . This difference could indicate that RBILD/DIP may be seen without smoking, although the possibility that the present patients did not disclose their smoking history also exists. Further research into the role of cigarette smoking and the pathogenesis of interstitial lung disease is needed.
Patients whose CRP scores remained stable following 3 months of prednisone therapy experienced improved survival compared to those who responded or failed to respond to an initial course of prednisone. This finding was noted in the entire group and in UIP patients. The protective effect of stability following prednisone therapy was of a similar magnitude to that of female sex and smoking history. Importantly, UIP patients who remained stable during prednisone therapy could not be distinguished from those who were responders or nonresponders using the baseline data. This stability during initial therapy might reflect the effect of treatment, the effect of lead time bias or be the result of a different natural history in a subgroup of UIP patients that is independent of therapy. Future trials with prospective randomized controlled data collection are required to define the effect of therapy on mortality. There was a modest increase in mortality associated with increased physiological abnormality, as reflected by the physiological component of the CRP score. These data suggest that the degree of physiological abnormality at the time of evaluation has predictive value, although the RR is quite modest in comparison to the impact of histological diagnosis and radiographic abnormality.
The risk ratios provided by the above data allow for a quantitative approach to predicting the likelihood of mortality in different clinical situations for patients with idiopathic interstitial pneumonia. The log transformation of risk ratio can be utilized to compare survival in two divergent clinical scenarios. The present study also provides support for a stepwise diagnostic approach to new patients with idiopathic interstitial pneumonia. Given that semiquantitative high-resolution computed tomography scoring provides valuable diagnostic information, all patients suspected of having idiopathic interstitial pneumonia should undergo this technique. The presence of an interstitial component of high-resolution computed tomography score of o2 reliably identifies patients with usual interstitial pneumonia. Surgical lung biopsy is warranted for patients without honeycombing on high-resolution computed tomography; the absence of honeycombing does not exclude a pathological diagnosis of usual interstitial pneumonia. In the current group, this diagnostic approach would have resulted in a recommendation for surgical lung biopsy in 43% (54 of 126) of patients; in those patients in whom a biopsy would not be recommended, only 8% (6 of 72) would have been misclassified as having usual interstitial pneumonia. The present study documents that a noninvasive diagnostic procedure, high-resolution computed tomography, can aid in the diagnosis of usual interstitial pneumonia in a significant proportion of patients with idiopathic interstitial pneumonia. Accordingly, these patients could be spared the cost and risk of surgical lung biopsy. However, the presence of usual interstitial pneumonia on surgical lung biopsy remains the most powerful predictor of mortality in patients with idiopathic interstitial pneumonia.
